The results of an extension of follow up (1976 to 1989) of a cohort of workers employed for at least one year between 1 January 1950 and 31 December 1975 at eight oil refineries in Britain are reported. Over 99% of the workers were successfully traced to determine their vital status at 31 December 1989. The mortality observed was compared with that expected from the death rates of all the male population of England and Wales and Scotland. The mortality from all causes of death for the total study population was lower than that of the comparison population, and reduced mortality was also found for many of the major nonmalignant causes of death. RAised mortality patterns were found for diseases of the arteries, in particular aortic aneurysm, and accidental fire and explosion, for the total study population, and across several refineries and other subgroups. Mortality from all neoplasms was lower than expected overall, largely due to a deficit of deaths from malignant neoplaun of the lung. Raised mortality from all neoplasms. was found for labourers and in particular for malignant neoplasms of the oesophagus, stomach, and lung, although the mortality was also high for all men in this social class in-the national population. Regional variations may have accounted for some of the high mortality. There were other raised mortality patterns in malignant neoplasms of the intestine, rectum, larynx, and prostate but these tended to be isolated and not consistent across refineries and other subgroups. As in the earlier follow up there was raised mortality from melanoma in several job groups.
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(British tournal of Industrial Medicine 1993;50:549-560) 549 Previous publications' 2 document the initial follow up from 1951 to 1975 of employees in eight United Kingdom oil refineries. This paper describes the results of extending this follow up to 31 December 1989. The detailed results for kidney cancer and leukaemia are reported elsewhere. 3 Many stucdies have documented the carcinogenic properties of oil both in experimental4 5 and epidemiological studies.6 7 Others have investigated the carcinogenic and toxic properties of petroleum8 and its effect on the kidney. 9 Several papers and unpublished reports have described past or ongoing studies of the mortality and less often the morbidity, of refinery populations. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Four papers22-25 provide narrative epidemiological reviews. There is considerable variation in the dates, duration of follow up, and numbers in these studies. Those lost to follow up varies from 1% to 16%. Most of the studies show the healthy worker effect26 to some extent, an effect that is reflected in many of the numerically large nonmalignant diseases such as respiratory and cardiovascular diseases.
Most of the papers have focused .on malignant diseases. The mortality from all malignant diseases tended to be lower than expected. In several studies the significant deficit from all malignant diseases was mainly due to a significant deficit from cancer of the lung.'3 15 19 27 Smoking history is not usually available in these studies although there is some suggestion that oil refinery workers smoke less than comparable groups in other industries. 28 By contrast Bertazzi et al" found a significant excess from lung cancer when Italy was used as a comparison population.
Bearing in mind the problems of small numbers of deaths and multiplicity of statistical tests several studies have found excesses in specific cancer sites. Increased mortality (albeit mainly statistically nonsignificant) has been found for the total study population or in subgroups for cancers of the liver,10 14 29 pancreas,'3 14 [30] [31] [32] digestive system, '6 Rushton suggested links between certain diseases and the industry.37-39 As Harrington23 points out, however, these types of studies are at best hypothesis generating exercises and should therefore be interpreted with caution.
Results of the Institute of Petroleum foliow up study, The overall mortality in the previously reported results for the Institute of Petroleum refinery follow up study to 1975' was considerably lower than expected as was the mortality from heart disease, stroke, bronchitis, and pneumonia. The lowered mortality from all neoplasms was due to a large deficit of observed deaths from lung cancer. Raised mortality patterns were found in several refineries for cancers of the oesophagus, stomach, intestines, and rectum with significantly more deaths than expected from cancer of the nasal cavities and sinus and from melanoma.
Methods
Full details of the feasibility study carried out before the initial data collection, the reasoning behind the choice of data, items to be collected, and the methods used have been presented earlier. ' 2 The study included all men with a duration of service of at least one continuous year between 1 January 1950 and 31 December 1975 at eight refineries in the United Kingdom. In this paper the refineries are denoted A, B, C, D, F, G, H, and J.
Data collected from personnel records comprised full name, date of birth, address, date of joining, last job (or present job for those in employment on 1 January 1976), whether a day or shift worker, National Insurance (NI) number and NHS number where available. For those who left before 1 January 1976, date of leaving and the reason for leaving were also collected.
In the previous follow up a one off tracing exercise was carried out with the National Health Service Central Registers (NHSCRs) at Southport and Edinburgh for men for whom the NHS number was available or the Social Security records at Newcastle otherwise. Full details on death were obtained for all those found to be dead either directly from the NHSCRs or from the Office of Population Census and Surveys (OPCS).
In the study reported here it was decided to carry out a flagging procedure at the NHSCRs. Details of all the study population not dead at 31 December 1975 were sent to the NHSCRs who identified those who had since died and provided the death certificates. Also it was decided to flag the records for the others. This flagging procedure enables the NHSCRs to identify the study population who die in the future and to provide the details of death, a process that continues until the whole cohort dies. The death certificates provided multiple causes of death coded to the International Classification of Disease (ICD) revision in use at the time of death.
For those for whom the NHSCRs were unable to trace a death or general practitioner registration, details were sent to the Social Security records for one off tracing, from the NI number. For those identified as dead in this way a death certificate was then obtained.
When most of the flagging had been completed an examination of the records for those leaving before 1 January 1976 showed that of those flagged as alive at 31 December 1989, 13% were aged over 70 compared with 9% over 70 in the population of England and Wales. As incorrect flagging as alive could have resulted from failure to link the death record to the NHS record, it was decided to trace all these men (about 4000) through the National Insurance records for further deaths. Evidence of the incompleteness of the NHSCR records, particularly in the elderly, has also been shown by Darby et al. 40 As a result of this exercise a further 398 deaths that occurred before 1990 were identified.
Those who emigrated have been considered to be alive up to the date of emigration, this date therefore being their study end date. As all records were sent to the NHSCRs for flagging, more emigrations were identified than in the previous follow up in which much of the tracing was carried out through the National Insurance records, which do not identify emigrations.
As in the analysis of the first follow up,' 2 the expected deaths have been calculated by applying the five year age and calendar period specific death rates for England and Wales for the six English or Welsh refineries, and corresponding Scottish rates for the two Scottish refineries to the five year age and calendar period person-years at risk in the study cohort. Account was taken of the disparities between the four revisions of the ICD covered by the study period with standard bridging codes.
The standardised mortality ratio (SMR) was calculated from the ratio observed deaths: expected deaths multiplied by 100. The 95% confidence interval (95% CI) is given for each SMR.4' No formal adjustment has been made to take account of known regional variations in death rates. These, together with variations in death rates by social class, have been used to aid the interpretation of the results.
Many of the problems and limitations inherent in the interpretation of the results from this type of study have been discussed previously.' 2 This is mainly an a posteriori study and the data should be used principally to generate hypotheses to be further investigated in other studies on new data. alive at 31 December 1989 through the National Insurance records. The smaller refinery population at the second follow up is because during the flagging and the merging of the new data base created for this follow up with old data files some duplicate records were identified. During the flagging process a few extra deaths were also identified for the previous follow up period. These, combined with the slightly smaller study population, have slightly altered the results for 1951-75 presented in this paper compared with those previously published.
Those dead included 70 for whom it was not possible to obtain a death certificate, 26 who were known to have died abroad, and 44 who were identified as dead by the National Insurance records but for whom no trace was found either in the English or Scottish death certificate records or the company pension records. In the analyses these 70 men were taken as dead, cause unknown. Table 2 shows the person-years of observation for each follow up period for the total study population and for each refinery; there was an increase of roughly 360 000 person-years overall.
As described the information collected about job was the last job title for those who had left the refineries or the current title for those in post. Table 3 gives the distribution of the study population by job title. About a quarter of the total work- force were operators and a further quarter were many disease groups making the patterns of mortalcraftsmen (analysed separately as fitters, pipefitters, ity unclear. It should be noted that the study cohort riggers, and others). About 15% were labourers and is only complete for men joining after 1950 and 10% administrative, clerical and managerial groups. before 1975 and staying for at least one year. Those The other subgroups analysed separately, such as that left before this date were excluded; this omisdrivers, fire and safety workers, and foremen, con-sion of shorter service workers starting before 1950 sisted of small numbers, leading to small numbers may thus have influenced the pattems of mortality. of deaths and the corresponding problems of interAnalyses by years since first employment pretation. Analyses by seven years of entry groups, (0-9, 10-19, 20-29, 30-39, 40-49, 50) are pre- (pre-1940, 1940-9, 1950-4, 1955-9, 1960-4 , sented for selected causes. Time since first employ-1965-9, 1970-4) also yielded small numbers for ment can be regarded as a proxy for duration of Table 4 gives the observed and expected deaths, SMRs, and 95% CIs for the SMRs by non-malignant causes of death for the total refinery study population. These are presented separately for the first follow up, the second follow up, and the total follow up period. The SMRs for all causes of death were similar for the two follow up periods, indicative of a continuation of the healthy worker effect. For many of the numerically large non-malignant causes of death, such as cerebrovascular disease, ischaemic heart disease, and pneumonia, the SMR for the second follow up period was lower than that of the first period. For other disease groups, such as bronchitis and cirrhosis of the liver, the SMRs for the two follow up periods were similar. A clear exception to this was diseases of the arteries where the SMR for the later follow up period was much larger than that of the first period.
The total follow up period results showed large deficits of observed deaths compared with expected deaths for the total study population for all causes, and many of the other disease groups. Only diseases of the arteries and accidental fire and explosion were clearly raised (as judged by the confidence interval).
The SMRs for all causes of death were very low for all the refineries with the exception of refinery F, where the observed deaths roughly equalled those expected. Mortality from all causes was also low for both shift and day workers and across all job groups except fire and safety workers, drivers, and storemen in whom the observed deaths roughly equalled those expected, and labourers in whom mortality was raised by about 10%. Table 5 gives the observed and expected deaths, SMRs and 95% CIs by time since first employment for selected causes of death. There was a tendency for the all cause mortality to increase with increasing time since first employment and earlier year of entry.
Many of the numerically large non-malignant disease groups such as ischaemic heart disease, other heart disease, cerebrovascular disease, and pneumonia, showed the same patterns of mortality as the all cause mortality. Most of the job groups also had low mortality from these disease groups, with slightly higher mortality in fire and safety workers, drivers, and storemen.
Labourers, however, showed raised mortality both overall and from several disease groups. Table  6 gives the observed and expected deaths, SMRs and 95% CIs for labourers for several disease and refinery subgroups. The mortality from both all causes of death and all neoplasms was clearly raised both for the total labourer population and at several refineries. Similar patterns were found for several of the non-malignant disease groups-for example, cerebrovascular disease, ischaemic heart disease (though not pronounced), diseases of the arteries, other diseases of the circulatory system, pneumonia, and bronchitis and emphysema.
There were a few increases in mortality over expected numbers in some refinery and non-malignant cause of death combinations. Most of these were due to a corresponding increase in mortality in labourers-for example, this was true for ischaemic heart disease at refinery F (O= 595, E= 554 4, SMR= 107, 95% CI 99-116) and pneumonia at refinery J (O= 166, E= 135-4, SMR = 123, 95% CI 105-143).
An overall appreciable excess of observed deaths compared with those expected was found for accidental fire and explosion, (see The only large non-malignant disease group to show consistently raised mortality across several refineries and many of the other subgroups analysed was diseases of the arteries (ICD-9th revision 440-448). Table 7 summarises the results for this disease group. The mortality increased in the second follow up period and was much increased for every five year age group after 60 with the exception of the over 85 group. Three refineries and several job groups showed increased mortality from diseases of the arteries and there was a pronounced trend for increasing mortality with increasing time since first employment (see table 5 ).
Of the 298 deaths from the broad disease category, diseases of the arteries, 73 were from atherosclerosis (E=70-6, SMR= 103, 95% CI 81-130) and 187 were from aortic aneurysm. Table  8 summarises the results for aortic aneurysm. Mortality from aortic aneurysm was high in four of the eight refineries and accounted for the raised mortality from diseases of the arteries. The same job groups that showed raised mortality from diseases of the arteries showed raised mortality from aortic aneurysm. Only one refinery, F, showed raised mortality from atherosclerosis (O = 27, E= 16-9, SMR= 159, 95% CI 105-232). Table 9 gives the observed and expected deaths, the SMRs, and the 95% CIs for the SMRs by malignant causes of death for the total refinery study population. These are presented separately for the first follow up, the second follow up, and the total follow up periods. The SMRs for the two follow up periods for all neoplasms were identical and many of the malignant subgroups showed a decreased SMR in the second period-namely, malignant neoplasms of the oesophagus, stomach, intestine, rectum, liver and gall bladder, pancreas, and larynx, and melanoma. The opposite trend was seen for malignant neoplasms of the lung and pleura, bladder, and brain, whereas the SMRs for malignant neoplasm of the prostate were identical for the two periods and those for leukaemia similar. There
CAUSES OF DEATH FROM MALIGNANT DISEASES
Further follow up of mortality in a United Kingdonm oil refinery cohort Malignant neoplasms of the intestine, rectum, liver and gall bladder, and pancreas showed slightly lowered mortality overall although there was raised mortality at refinery F from malignant neoplasms of the rectum (O=32, E=21-3, SMR= 150, 95% CI 115-189); this excess was spread across many of the job groups. Thirteen scientists or technicians died from malignant neoplasm of the intestine (E=6-4, SMR= 203, 95% CI 108-347).
There was a tendency for mortality from all the digestive neoplasms to decrease with increasing year of entry. Mortality from malignant neoplasms of the stomach tended to decrease with increasing time since first employment (table 5) but there was no clear pattern by time since first employment for the other disease groups.
Malignant neoplasms of the respiratory system There were only 26 deaths from malignant neoplasms of the larynx; 15 of these were from refinery J (E=8-7, SMR= 173, 95% CI 97-288) and they were spread across many job groups.
Although mortality from malignant neoplasms of the lung was again clearly decreased in the second follow up period the trend was for increasing mortality from this disease as the calendar period of follow up increased. Mortality was raised for riggers and storemen, and clearly raised for labourers (see table 6 ).
In the first follow up period there was an excess of observed deaths from malignant neoplasms of the nasal cavities and sinus compared with those expected, particularly at refinery J. There were no further deaths from this cause in the second follow up period.
Melanoma
The raised mortality from melanoma found in the first follow up period continued in the second follow up period, although to a slightly lesser extent. Table 10 summarises some of the results for this disease. The observed deaths were more than those expected in five of the eight refineries but especially at refinery H. Excesses of observed deaths compared with those expected were found overall for operators, administrative, clerical and managerial staff, and other craftsmen. There was a tendency for mortality to increase with increasing year of entry, with a corresponding decrease by time since first employment (table 5) .
Malignant neoplasms of the genitourinary systenm In the second follow up period mortality from malignant neoplasm of the prostate was again slightly high, with that of malignant neoplasms of the bladder still low; although rather higher than in the first follow up period. The observed deaths from malignant neoplasm of the kidney were similar to those expected in both follow up periods.
There was clearly increased mortality from malignant neoplasms of the prostate in one refinery (B; 0=40, E=27-7, SMR= 144, 95% CI 103-197). Eight of these men were foremen (E= 3-6, SMR = 222, 95% CI 96-437), and five were fitters (E=1 1, SMR=477, 95% CI 155-1114). There was also raised mortality overall from malignant neoplasms of the prostate in operators due mainly to increased mortality in operators at refinery J (O= 18, E= 11 9, SMR= 151, 95% CI 90-239).
Mortality from malignant neoplasms of the prostate and bladder tended to decrease with increasing year of entry whereas malignant neoplasm of the kidney showed the opposite pattern. There were no clear patterns of mortality by time since first employment.
Malignant neoplasms of the. brain and central nervous system The mortality from this disease group was higher in the second follow up period than in the first, but still lower than expected. There were no patterns of raised mortality for this disease group.
Malignant neoplasnms of the lynmphatic and haematopoietic tissue In general the numbers of observed deaths in these disease groups were small, making interpretation of the results difficult. No raised mortality was found in three of the groups, namely reticulum cell sarcoma, Hodgkin's disease, and other neoplasms of the lymphoid tissue. Mortality from lymphosarcoma increased in the second follow up period to give 18 deaths in total. Thirteen of these were from one company, at refinery H (O = 5, E= 1-7, SMR= 297, 95% CI 97-694), and refinery J (0=8, E=3 9, SMR=204, 95% CI 88-401). Fifteen of the 18 deaths were day workers (O = 8-7, SMR= 173, 95% CI 97-286) but the deaths were spread across the job groups with several having slightly higher observed deaths than expected. Numbers were too small to show any patterns by year of entry or time since first employment. Mortality from multiple myeloma was lower than expected overall although one refinery (A) showed a pronounced excess based on only five deaths (E = 1 6, SMR = 307, 95% CI 100-717).
Details of the results for leukaemia have been reported elsewhere.3 Briefly, the observed and expected deaths were similar in both follow up periods and only two types showed raised mortality overall, other myeloid leukaemia (O=7, E = 1.0, SMR= 678, 95% CI 273-1397) and monocytic leukaemia (0=77, E=3-2, SMR=221, 95% CI 89-435). There were 14 observed deaths from leukaemia at refinery D (E=8-6, SMR= 164, 95% CI 89-2751), 12 of which were myeloid leukaemia (E=4-98, SMR=241, 95% CI 124-421). This refinery showed excess mortality for acute myeloid leukaemia (0=7, E=3-3, SMR=210, 95% CI 84-433) and other myeloid leukaemia (0=2, E=0 1, SMR= 1621, 95% CI 196-5854). There were also three deaths from leukaemia at refinery G (E=0-8, SMR=393, 95% CI 81-1149); two of these were chronic lymphatic leukaemias. Twenty one of the 68 deaths from leukaemia were in operators (E=17-3, SMR=123, 95% CI 75-186) and six of the seven deaths from other myeloid leukaemias were in operators.
Discussion
Before comment on the results of this cohort study it is appropriate to indicate some of the limitations. The study examines mortality only. It is therefore dependent on the completeness and accuracy of the information on cause of death given by the death certificates.
The SMR (and its confidence interval) has been used in this study to describe the patterns of mortality and to search for consistency across variables and subgroups examined. The interpretation of results in the light of an overall healthy worker effect and the impact of the reanalysis of the data after a further 14 years follow up, as presented in tables 4 and 9, must also be taken into account.
Differences in the mortality patterns between the eight refineries may be due to differences in the workforce or type of plant at the refineries. Details have been discussed previously' 2 The person-years have increased by about 360 000 and the number of deaths has more than doubled from 4 406 in the first follow up to 1975 to 10 193 at 31 December 1989. The overall relative mortality of the study population, however, remained low, a continuation of the healthy worker effect. This may reflect both the initial selection of a healthy workforce and subsequent standard of medical care, industrial hygiene, and standard of living, and the comparison with the national population, which includes those in institutions, in unstable employment, or in ill health during their working life.
This lowered mortality was also reflected in many of the numerically large non-malignant causes of death such as ischaemic heart disease and respiratory disease. Some of the individual job groups showed slightly raised mortality from specific nonmalignant disease groups, in particular labourers. The expected deaths were not adjusted to take into account variations in mortality by social class. Many of the diseases for which raised mortality was found in labourers, such as cerebrovascular disease, bronchitis, and pneumonia, show clear trends in the population of England and Wales from low to high mortality for social classes I to V. 46 If adjustment had been made to the expected numbers of deaths for labourers with the data for social class V for these disease groups some of the raised mortality would be greatly diminished or disappear altogether.
Accidental fire and explosion, a plausible potential occupational hazard, continued to exhibit raised mortality although the number of deaths were small.
The consistently raised mortality from diseases of the arteries, and in particular from aortic aneurysm, is more difficult to interpret, because it is high across several refineries, age groups, and job groups. The patterns for this disease contrast with those of most of the heart disease groups, in which mortality is generally low. Increased mortality from aortic aneurysm has also been found in a study of Canadian oil distribution and marketing workers (AR Schnatter, unpublished data).
Mortality from all neoplasms was once again lower than expected, due mainly to pronounced deficits in malignant neoplasm of the lung. There was a trend, however, for increasing mortality from malignant neoplasms of the lung as the follow up period increased, with raised mortality for labourers. It has been suggested that the amount of smoking by refinery employees may be somewhat less than that of the general population.28 It may be that smoking habits change after leaving and this may cause the mortality from lung cancer to increase as the cohort becomes older, although there are no data to substantiate this. Two small surveys (unpublished) carried out recently in two of the refineries in this study found that roughly 20% of those surveyed were current smokers compared with 33% of men aged 15 to 64 in England and Wales.47 There was a trend for the proportion of smokers to increase as age increased in the refineries, similar to the trend in England and Wales. Only 15% of those aged under 40 smoked in the refinery survey, however, compared with 33% in the population of England and Wales. There was also a suggestion from one of the surveys, although based on small numbers, that those in the refinery smoked less than the general population, 40% in the refinery survey smoking less than 20 cigarettes a day compared with 18% of the men aged 15 to 64 in England and Wales who were current smokers.
There were some raised mortality patterns for malignant neoplasms of the digestive tract, in particular for malignant neoplasm of the stomach at refineries F and J. Two job groups were involved, operators and labourers, and the SMR for social class V in the general population was again high. No adjustment was made to the expected deaths to take into account known regional variations in mortality in England and Wales but both F and J refineries are situated in areas with high rates of stomach cancer (the SMR for the region in which refinery F is situated was 113 and that for the region in which refinery J is situated was 123)48 and adjustment for both social class and regional variations would have reduced or removed the excess mortality.
The raised mortality from melanoma continued in the second follow up, in particular at refinery H, and was found in three very different job groups. Three other refinery studies have also found excesses from this disease'6 27 29 but as yet no occupational cause linked to the oil industry has been suggested.
The slightly raised mortality from malignant neoplasm of the prostate continued in the second follow up period, with operators again having clearly increased mortality at refinery J. Overall mortality from this disease was also raised appreciably at refinery B. Several other studies have found raised mortality for malignant neoplasms of the prostate.2' 30 31 3 Unlike other studies,'8 '9 ' the present study has not found any evidence of raised mortality for malignant neoplasms of the kidney or brain.
Particular interest has been paid to mortality from leukaemia and lymphosarcoma and their possible relation to exposure to benzene and other solvents. 5' 52 In this study there was increased mortality from lymphosarcoma at two refineries although there are only 18 deaths in total.
The total observed deaths from leukaemia were once again slightly lower than those expected and clearly increased mortality was found in only one refinery (D). This was from myeloid leukaemia in particular. Just under a third of the deaths from leukaemia were in operators.
Although the contributory causes of death on the death certificates were coded and entered into the database no detailed analyses of these have so far been carried out. The deaths with a malignant neoplasm as a contributory cause were investigated, however. For example, there were 17 contributory cases of malignant neoplasms of the stomach, 22 of the intestine, 42 of the lung, and 41 of the prostate.
The ratio of the number of total mentions of each malignant neoplasm: the number of underlying causes of that disease group in the study population was compared with the ratios from the population of England and Wales46 and found to be similar.
In conclusion, the mortality of the oil refinery study population continues to be lower than that of the general population, both overall and from many of the numerically large disease groups. This current analysis has highlighted some issues that may warrant further investigation. The refinery population is now largely flagged at the NHSCRs and as further deaths occur in the cohort the death certificates will be provided. Further patterns of mortality can thus be monitored as required. Specific issues of particular concern-for example, the increased mortality from melanoma and aortic aneurysm could be further investigated by carrying out nested case-control studies in which the deaths from the disease of interest are matched to controls selected from the rest of the study population. Further details such as job history and estimates of exposure to potential hazards might then be obtained and compared for the limited number of cases and controls.
